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Abstract Students living in disadvantaged contexts and whose second language
is English (ESL) are at risk of not succeeding in school mathematics. It has
been internationally recognised that students’ socioeconomic background and
their achievements in mathematics is more pronounced for Australian students
(Thomson et al. 2011). This gap is even more prominent for students who also
have English as their second language (ESL). This paper explores the impact of
the representations, oral language and engagement in mathematics (RoleM)
learning experiences on ESL students’ performance in mathematics in the early
years (foundation–year 2). All students participating in the study are from
disadvantaged contexts (n=461). The sample comprised 328 students who
identified themselves as having English as a second language (ESL) and 133
mainstream students. Pre- and post-tests were conducted at the commencement
and completion of each school year. All students demonstrated a significant
improvement on their post-test scores, with ESL students displaying greater
gains than the mainstream students. Additionally, students’ results were meeting
norm-referenced expectations for students of the same age. A hypothesised
taxonomy was developed to further investigate which types of test items
foundation ESL students displayed greatest gains. ESL students again
outperformed the mainstream cohort on all levels of test categorisation, includ-
ing questions that were linguistically and conceptually challenging for founda-
tion students.
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Introduction
In Australia, ‘English as a second language’ (ESL) students from disadvantaged
contexts are struggling in both mathematics and literacy at the national and interna-
tional levels (Garcia and Cuellar 2006). International measure of students’ outcomes
evidences that students’ socioeconomic background and their achievements are more
pronounced for Australian students than for other similar countries (Thomson et al.
2011). The four prevalent factors that align with disadvantaged contexts in Australia are
socioeconomic status and remoteness, indigeneity, English language proficiency and
disability (Gonski et al. 2011). Students who exhibit two or more of these factors are
most at risk of poor school outcomes (Goldenberg 2008). In addition, English is the
language used almost exclusively in school contexts in Australia. Thus, bilingual
teaching contexts are rare. This paper represents a portion of a large-scale, longitudinal
project (Representations, Oral Language and Engagement in Mathematics: RoleM).
The purpose of this paper is to explore the impact of the RoleM project learning
experiences on ESL students from disadvantaged contexts in relation to their perfor-
mance in mathematics.
Background
The main terms used to define English language learners in the Australian context are
language backgrounds other than English (LBOTE) and English as a second language
(ESL), with most of the statistical data relating to the former. Students are classified as
LBOTE if either the student or parents/guardians speak a language other than English at
home. In Queensland, the state in which the RoleM project is situated, approximately
55,000 residents (1.2 %) identify as having a difficulty speaking English or do not
speak English at all, while 9.8 % of people speak a language other than English in their
home (Australian Bureau of Statistics ABS 2011). The year 3 National Assessment
Program Literacy and Numeracy (NAPLAN) numeracy results for 2012 indicate that
Queensland is one of the poorest performers. The Queensland average (380.9) fell
approximately 15 points below the Australian average (395.5). Furthermore, the
Queensland year 3 LBOTE cohort’s average score was almost 20 points below the
Australian average. Given that, students who arrive from overseas less than a year
before the tests with a language background other than English are exempt from sitting
the NAPLAN, this is of even greater concern. All LBOTE students are more likely to
be developmentally vulnerable at school entry, exhibit a lower assessment performance
throughout school and have lower year 12 (final year of schooling) and equivalent
attainment rates (Gonski et al. 2011).
English language learners who are identified as having the most difficulty in
participating in mainstream school attract financial support. In Queensland, the support
for ESL students is usually given for their first 3–5 years in Australia (Education
Queensland (2007)). There are two separate funding avenues for ESL students; (a) new
arrival funding, a one-off payment to provide intensive ESL support and (b) Literacy,
Numeracy and Special Learning Needs funding (LNSLN) to provide support in
mainstream classrooms (Education Queensland 2007). Students with a parent or both
parents born in a non-English speaking country can be potentially supported during
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foundation–year 3. The focus of this paper is on the performance of these students who
are receiving ESL funding (perceived as the most vulnerable LBOTE students) in their
first 3 years of school, living in disadvantaged contexts.
Pettit (2011), in her research encompassing the experiences of 149 teachers, who
taught ESL students, found that teachers’ beliefs about how ESL students could be best
supported in learning mathematics were not influenced by whether the teacher spoke
another language. The language used in the mathematics classroom does not appear to
make a quantitative difference. With regard to teaching mathematics to ESL students,
Valle et al. (2013) argues that there is a little difference between the mathematical
outcomes for students whose teachers (a) spoke only English in the classroom, (b)
spoke the language of the students, but did not use English as a second language (ESL)
teaching strategies and (c) spoke the language of the students and used ESL strategies.
All teachers tended to teach mathematics in a directed way. The ESL strategies adopted
were predominately whole-class instruction and relied heavily on the use of textbooks.
Thus, further consideration needs to be given to the types of teaching strategies adopted
for ESL students to improve their mathematical outcomes. Therefore, it is conjectured
that the dimension that makes the greatest difference to these students’ outcomes in
mathematics is not the language teachers speak, but the types of learning experiences
they utilise in their classroom. It is well evidenced that quality teaching is associated
with quality-learning outcomes (Hattie 2009; Smart et al. 2008).
Representations, oral language and engagement in mathematics (RoleM) are a 4-
year longitudinal study concerned with closing the educational gap in numeracy for
young Australian students. Underpinning the project is the development of students’
understanding of mathematical representations and the language of mathematics. This
is supported by the development of mathematical learning tasks that assist students’
engagement with mathematical concepts (Warren and Miller 2013). The theoretical
perspectives that underpin this research are drawn from the literature relating to how
students learn mathematics, mathematical language and the role of representations in
early years’ contexts.
Theoretical perspectives
Learning mathematics
In recent times, the emphasis of what constitutes mathematics in Australia has changed.
Work samples presented in the Australian Mathematics Curriculum (ACARA) delin-
eate tasks dominated by language-rich activities encompassing both English language
and mathematical language. The instructions used in the tasks are complex. These
trends are also reflected in the NAPLAN testing regime questions. White and Anderson
(2011) argue the types of questions reflected in NAPLAN emphasising that numeracy
is mathematics in context. Geiger, Goos and Dole (2011) claim that numeracy encom-
passes the elements of mathematical knowledge (concepts and skills), contexts, dispo-
sition (confidence and willingness to engage in real-world tasks) and tools (concrete
materials and representations). It also entails a willingness to judge, argue and chal-
lenge. Thus, the ability to communicate mathematically is seen as a central facet to
numeracy and learning mathematics (Setati 2008). The emphasis on this ability has
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become even more pronounced, with the discourse of argumentation, and situating
mathematics in ‘real-world’ contexts being accentuated at all levels of mathematics
(Moschkovich 2002).
The language of mathematics plays a pivotal role in the learning and understanding
of mathematical concepts. At the highest levels, it assists students to understand and
express mathematical abstractions (Sfard 1998). In the beginning years, it is used to
differentiate geometrical shapes. Students are required to learn the mathematics vocab-
ulary, construct meaning and participate in discourse (Moschkovich 2002). While for
all students, the language of mathematics can be difficult to understand; for ESL
students, it is far removed from their everyday speech. Hence, for these students, their
difficulties are amplified: the language of instruction is unfamiliar, and the language of
mathematics is foreign (Bose and Choudhury 2010; Setati 2005). Additionally, research
suggests that ESL students can only marginally participate in in-group discussions
about mathematical ideas, and they struggle to explain their reasoning to others (Adler
1996), especially in classrooms where the language of instruction is unfamiliar.
A common response to assisting ESL students’ participation in mathematics learning
in multi-lingual settings is using a simplified language to communicate mathematical
concepts and mathematical understanding (Wong-Fillmore 1982). This does not nec-
essarily result in learners having a better access to the mathematical content or better
long-term outcomes (Bautista and Mulligan 2010; Warren and DeVries 2009). In fact,
this approach could result in obscuring or over-simplifying the rich mathematical
concept under consideration, and thus act as an obstacle to ESL students’ learning
(Valdés 1999).
Language of mathematics
Mathematical language can be viewed as either a resource or as a political construct.
The former stresses language as supporting thinking, doing, learning and teaching
mathematics, whereas the latter refers to language as having the potential to position
and transform by placing certain languages and speakers at a disadvantage (Planas and
Civil 2013). While we acknowledge the tension between the language required to learn
mathematics and the language these students use in and out of the classroom, in this
paper, we are specifically focusing on investigating mathematical language as a
resource.
Mathematical language from a linguistic perspective is encapsulated in the literature
by the term ‘mathematical register’ (Halliday 1978). While activities like counting,
measuring and ordering and comparing draw on ‘everyday’ language, this language in
these contexts often serves different functions. Halliday uses the term to describe ‘a set
of meanings that is appropriate to a particular function of language, together with word
and structures that express their meanings’ (Halliday 1978, p. 195). This requires
teachers to use mathematical language in a certain type of way. From this perspective,
learning mathematics involves learning the register, its field, tenor and mode. These
refer to the social activity that is occurring (what is being said), the roles and
relationships between the participants (beliefs and attitudes) and how the interaction
happens (speaking, writing, representing).
It is the syntactic, semantic and pragmatic features of this register that pose most
problems for ESL students (Spanos et al. 1988). Syntactic features that prove difficult
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are comparisons of sizes, conditional relationships and the use of the passive voice
(Adebi and Lord 2001; Galligan 1997; Fernandes 2011). The pragmatic features refer
to the use of language in particular contexts where culturally specific meanings are
required to understand the problem. A prime example of this within the Queensland
testing regime was the inclusion of the words Rover pass, referring to a special ticket
that allows all day travel on bus, trains or ferries. Indigenous students from a remote
community, unfamiliar with metropolitan contexts, interpreted these words as some-
thing about a dog (named Rover) (Baturo et al. 2008).
There is little research on which specific language features impact greatest on ESL
students’ performance in mathematics (Shaftel et al. 2006). Many studies have shown
that simplifying the linguistic features of test items has a positive impact on all students,
including the performance of vulnerable student populations (e.g., Adebi and Lord
2001). In addition, when using the strategy to modify test items with the aim of
improving all students’ engagement with the test, Tindal et al. (2000) discovered that
many of their simplified items became more difficult than the original versions for all
students. Some features that appear to impact on students’ performance are the use of
ambiguous or multiple meaning words, the inclusion of prepositions, pronouns and
verbs with at least three words (e.g., would have eaten) and problems requiring
comparative terms (Shaftel et al. 2006). The way that language is used in word
problems is the reason many students experience difficulties, but these difficulties are
greater for ESL students (Martiniello 2008).
More recently, mathematical learning has been viewed as involving a multiple
semiotic register (Schleppegrell 2007). Thus, the linguistic issues in mathematics
include the use of more than one semiotic system (symbols, visuals, graphs, gestures,
written and spoken language), its technical vocabulary and its grammatical features (the
way that mathematical problems are posed in language) (Janzen 2008). Hence, oral
language use in the mathematical context is characterised by teachers and students
using the same mathematical register and building mathematical meanings from expe-
riences. Additionally, this register is rich in different ways of representing mathematical
concepts and communicating the ideas.
Role of representations
The depth of understanding is inextricably linked to the richness of the representations
used. Representations are classified as either internal or external, in our minds (mental
models or mental images) or in the world around us. There are various forms of internal
representations including verbal/syntactic, imagistic, formal notational, visual images,
kinaesthetic and affective (Goldin 2002). External representations refer to the physical
embodied, observable configurations and include the traditional representations
(graphs, number lines, equations and table of values) (Goldin and Kaput 1996) and
other concrete materials used in the teaching of mathematics. Research refers to the two
types of representations that affect students’ understanding and solution of mathematics
problems such as the following: (1) instructional representations (definitions, examples
and models) used by teachers to impart the knowledge to students and (2) cognitive
representations constructed by the students themselves as they try to make sense of a
mathematical concept or attempt to find a solution to a problem. Students create mental
images of the mathematical relationships described by the teacher and use
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representations (writes a formula, draws a diagram) to communicate their mathematical
ideas. Each representation provides a new layer to their understanding. They allow
students to communicate mathematical ideas and understanding about concepts to
themselves and to others. The bundling of rich mathematical representations and oral
language is characterised by movement among and between the representations, with
oral language acting as a conduit for this. Hence, mathematical communication for
bilingual students needs to include an analysis of the difficulties they have and multiple
resources they can use to communicate mathematically (Moschkovich 2002).
The core constructs of oral language and representations informed the teaching
principles underpinning the RoleM learning experiences.
Development of the learning experiences
Equitable teaching principles informed the development of the RoleM learning
experiences. Considering these principles, it was essential to ensure that all
resources were of high cognitive demand, conceptually orientated, open-ended
to cater for the differential that exists in students’ ability and culturally appro-
priate (Boaler and Staples 2008). The development of classroom activities drew
on the theoretical framework of the RoleM project (see Warren and Miller 2013).
These included the following: (a) a focus on particular mathematical concepts
from the perspective of mathematics as pattern and structure, (b) specific lan-
guage needs to be extensively explored in all mathematics concepts, (c) high-
stakes mathematics and alignment with Australian Mathematics Curriculum, (d) a
degree of flexibility to cater for learning that was context specific, (e) both
focused teaching and group work, (f) a range of representations and with a range
of hands-on materials to explore all mathematics concepts and (g) easy differen-
tiation of learning experiences to cater for a range of differences in prior learning
and multiple entry points.
In exploring the impact of the RoleM learning experiences on ESL students’
performance in mathematics, the following questions were addressed:
1. How did ESL students perform on the RoleM test for foundation to year 3?
2. Does a programme that focuses on representations and oral language assist ESL
students to make gains in mathematical achievement?
3. What type of taxonomy construct can assist us to gain insights into the gains ESL
students have made, the aspects they are struggling with and what further assis-
tance is required?
Research design
A mixed methods approach (Burns 2000) using both qualitative and quantitative
methodologies was utilised in the design of RoleM. Due to the particular research
questions posed in this paper, the main focus is on the analysis of the quantitative
dimension of the project, the pre- and post-test data gathered from the participating
students. The complete sample for the RoleM project comprised 15 schools from some
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of the most disadvantaged contexts in Queensland. For the purpose of this paper, three
schools were selected where there were high enrolments of ESL students.
Exploring students’ performance on pre- and post-tests
Instrument development and data analysis
Three mathematics tests were developed to ascertain students’ learning. The structure
of these tests reflected the format of previous national and state tests (Queensland year
3, 5 and 7 tests and NAPLAN numeracy tests). Additionally, they were weighted
accordingly to the emphasis placed on particular mathematical concepts in the
Australian Mathematics Curriculum. Existing validated tests informed the construction
of the RoleM tests. For example, Diagnostic Mathematical Tasks (DMT) (Schleiger
and Gough 2001) and I can do maths (Doig and de Lemos 2000), PATMaths (ACER
2010) and Okamoto and Case (1996) informed the type and style of some questions.
Mapping of the concepts utilised in published tests indicated that there were gaps in the
mathematical content of these tests, particularly in the domains of Geometry and
Measurement and the inclusion of questions that were not simply about number
knowledge nor knowledge about number in situations free of context. Thus, the
decision was made to develop three original tests, RoleMathF, RoleMath1 and
RoleMath2 with each relating to the first 3 years of formal schooling, namely, founda-
tion, year 1 and year 2. The final mathematics tests consisted of 24 questions, 30
questions and 39 questions, respectively. The language used to pose each question
mirrored the style used in the NAPLAN numeracy tests. All tests were piloted before
administration in the main study and appropriate adjustments made.
The style of the three tests incorporated findings from our past experience in
administering tests to young students. In our previous research (Warren et al. 2008),
one-on-one interviews were utilised to ascertain students’ understanding of mathemat-
ics. This style of testing proved to be problematic. It was time-consuming and was
reliant on the ‘skills’ of the interviewer. The manner in which the interviewer asked the
questions and the gestures and facial cues they used as they interacted with the students
influenced the results. To deal with the issues of time and reliability, a whole-class
testing regime was piloted. This proved to be successful and hence was employed for
this research project. The multiple-choice questions also were constructed so that each
choice reflected common misconceptions students have with regard to mathematical
concepts. Figure 1 presents one item from each test.
Members of the RoleM team administered all three tests. Before the administration
of each, the administrators underwent a training programme. There was also an
extensive discussion with regard to the amount of time allowed for the administration
of the test. A uniform time of up to 40 min for each test was agreed. For these particular
schools, only four members were involved in the administration of the test, and each
was assigned the same year level. All tests were read out loud by the administrator, a
common practice utilised with students of this age.
The pre-test was administered at the commencement of Term 1. There was approx-
imately a nine-month period between the administrations of the pre- and post-tests. The
questions on all three tests were marked as either correct or incorrect, with a correct
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response being allocated a score of 1 and an incorrect response being allocated a score
of 0. The data were then entered into an Excel spreadsheet where analyses were
preformed to ensure accuracy of the data and that entry errors were eliminated. The
data were then transferred to a statistical package where further analyses were
conducted.
At the end of 2011, Australian Council for Education Research (ACER) were
contracted to equate the RoleM tests to the PATMaths (The ACER Progressive
Achievement Test in Mathematics) norm-referenced scale. At the completion of
2012, all participating students sat the RoleM tests and either the I Can Do Maths
(ICDM) test, the PATMaths Plus 1 test or the PATMaths Plus 2 test depending on their
age. The results of the RoleM test and the PATMaths test in each grade were compared,
and an equating shift between each RoleM test and PATMaths was calculated. This
resulted in the development of conversion formulas that allowed all RoleM test results
to be anchored on the PATMath norm-referenced scale. The results presented in this
paper are the converted RoleM test scores for participating students.
Participants
The schools involved with RoleM are considered to be at the highest level of education
risk in the Australian context. In these schools, the mean score for year 3 students
across the participating schools for the 2010 numeracy component of the NAPLAN test
was 296. This score is 80 points below the Queensland mean score and 100 below the
National score for the Australian year 3 student cohort. Of the 15 schools that
participated in RoleM, only three schools had large cohorts of ESL students. Schools
also had a small number of Australian Indigenous students. These students were not
included in this analysis. Even though many Australian Indigenous students do not
speak Australian Standard English as they enter school, they are not classified as ESL
students and, therefore, they are not included in the ESL cohort. Schools receive
separate funding for Indigenous students. Thus, for the purpose of this paper, the term
Verbal instructions: There are 2 counters 
hiding under the hand. How many counters 
are there altogether? Is it 8, 3 or 5? Circle the 
correct one. 
Verbal instructions: Sarah has two apples. 
She cut each apple into halves. How many 
halves does Sarah have in total? Does she 
have 2, 4, 6 or 8 halves? Colour the bubble 
to show the correct answer.
Verbal instructions: This table shows the 
number of lemons Jane picked from each of 
the five trees in her backyard. From which 
tree did she pick 3 more lemons than Tree 4?
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Fig. 1 One item from each mathematics test
798 J. Miller, E. Warren
mainstream students encompasses Australian students who do not attract ESL or
Indigenous funding.
The RoleM project commenced with students in the foundation year in 2010, with
an average age of 4 years and 6 months. In 2011, these students progressed to year 1
and to year 2 in 2012. As they moved through the school, so did the RoleM project.
Even though SchoolD’s teachers in foundation year (2011 and 2012) and year 1 (2012)
were not directly involved in the project, the school requested that their students
participate in the pre- and post-tests each year. The numbers of students from each
school that participated in both the pre- and post-tests for foundation, year 1 and year 2
across the three calendar years are presented in Table 1.
In all, 60 mainstream and 132 ESL foundation students, 45 mainstream and 119 ESL
year 1 students and 28 mainstream and 77 ESL year 2 students completed both the pre-
and post-tests.
Students’ results: pre- and post-tests
Pre- and post-tests
Pre and post-test scores for both mainstream and ESL students in foundation, year 1
and year 2 are displayed in Fig. 2. To the right of the Box and Whisker plots are scales
that indicate the PATMaths norm-referenced scale. As there was currently no norm
scale for foundation students, the PATMaths scale for foundation is the year 1 scale.
The scales to the right of the year 1 and year 2 results are the PATMaths year 1 scale
and PATMaths year 2 scale, respectively.
The results indicate that all cohorts, both ESL and mainstream, improved on the
numeracy test across the 3 years. ESL students have shown a greater improvement than
the mainstream students. In addition, the year 1 distribution for the ESL students was
slightly above the PATMaths norm-referenced scale for that year level. The year 2
distribution was slightly below the PATMaths norm-referenced scale for that year level.
Table 1 Number of ESL and Australian students tested by school and by year level for 2010–2012
SchoolC SchoolD SchoolSM Total
Main ESL Main ESL Main ESL Main ESL
Foundation 2010 4 8 8 33 11 35 23 76
2011 20 25 20 25
2012 17 31 17 31
60 132
Year 1 2011 6 10 9 44 14 40 29 94
2012 16 25 16 25
45 119
Year 2 2012 7 12 7 33 14 32 28 77
NB main = mainstream students
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Thus, not only had the ESL students gained more than their mainstream counterparts
from participation in the RoleM project, but they were also achieving at the same level
for mathematics achievement as the national cohort of students.
Paired t tests were conducted for each student cohort to ascertain the significance of
the differences between the pre- and post-test scores. Table 2 presents the results of this
analysis together with the mean score for each test, the t test score, eta2 and p value.
The values of the effect size indicated that the programme had a very large effect on
mathematics scores for all six groups of students (>0.50) (Cohen 1988). In addition,
Hattie (2009) reported that an effect size of 0.4 is average for all studies and that
teachers typically attain an effect size between 0.2 and 0.4 in a school year. This
measure of significance is one way of measuring the effectiveness of an intervention
(Hattie 2009). Furthermore, it is common for students to gain an average of 10
PATMath points in the year. Evidently, the results of this study demonstrate that both
ESL and mainstream students were gaining more than 10 PATMath points between pre-
and post-testing. Thus, the results of this present study are not only statistically
significant, but also educationally significant.
The 2010 foundation cohort was considered for further analysis as their mean
difference for the ESL students was greater between pre- and post-test scores than
any other year (foundation −11.2 to 7.55, year 1 7.72 to 23.67, year 2 17.50 to 27.10).
A 2 (test session—pre- and post)×2 (ethnicity—ESL and mainstream) mixed factorial
ANOVA was conducted to examine the pre- and post-test scores of students who are
ESL and mainstream. Of most interest was the significant two-way interaction,
Fig. 2 Foundation, year 1, and year 2 pre- and post-test scores
Table 2 Results of the paired t tests for foundation, year 1 and year 2 students
Cohort Category N Pre-test
Mean (SD)
Post-test
Mean (SD)
t eta2 p
Foundation
2010/2011/2012
Mainstream 60 −7.39 (12.42) 5.63 (14.29) 8.56 0.55 0.000*
ESL 132 −11.2 (12.16) 7.55 (11.44) 18.08 0.71 0.000*
Year 1
2011/2012
Mainstream 45 4.65 (8.52) 21.42 (10.73) 11.94 0.76 0.000*
ESL 119 7.72 (7.60) 23.67 (12.44) 16.57 0.69 0.000*
Year 2
2012
Mainstream 28 17.62 (4.91) 26.12 (10.13) 6.09 0.58 0.000*
ESL 77 17.50 (6.50) 27.10 (10.48) 8.80 0.51 0.000*
*Significant p<.005
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F(1,190)=9.63, p=0.002, ηp2=0.05, observed power=0.87, observed between test
session and ethnicity. This interaction is depicted graphically in Fig. 3.
Mainstream
To follow up the significant two-way interaction between test session and ethnicity, two
independent samples t tests were conducted. These tests revealed that there was a
significant difference in the test scores of ESL and Mainstream students at the pre-test
t(190)=2.00, p=0.046 and Cohen’s d=0.31. The ESL students’ scoring was significantly
lower (M=−11.22, SD=12.16) than the mainstream students (M=−7.40, SD=12.42). At
post-testing, however, there was no difference in the scores between the ESL (M=7.55,
SD=11.44) and mainstream students (M=5.63, SD=14.29), t(190)=0.99, p=0.321 and
Cohen’s d=0.15. While all students significantly gained from their participation in
RoleM, the ESL students made significantly greater gains than the mainstream students.
To further analyse the foundation students’ results, a taxonomy was developed to
classify items presented in the foundation test. The next section presents a summary of
the theoretical constructs that informed this development.
Exploring foundation students’ gains
Development of the taxonomy for foundation test items
The taxonomy developed for this research builds on the frameworks of PISA test
criteria (OECD 2013). This framework comprises seven fundamental mathematical
Fig. 3 Foundation students’ pre- and post-test results
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capabilities, namely using symbolic, formal and technical languages and operations;
using mathematics tools; representation; devising strategies for problem solving;
mathematising; communication; and reasoning and argument. Given the age of the
sample under investigation (average age 4.6 years), it was decided to adopt three of
these dimensions as follows: communication, mathematising and representations. This
selection also aligns with aspects of the classification system adopted by Lowrie et al.
(2012) when they considered how students decode mathematical test items.
Communication aligns to text stimulus and text question, and representation aligns
with the graphic component. The inclusion of mathematising allowed us to examine the
mathematics embedded in the question and assign it a score according to its difficulty.
The next section delineates how each of the three dimensions are defined in this
research with their accompanying rating scheme.
The communication ratings, that is decoding and interpreting test stimulus and
questions, align with the research findings pertaining to the difficulties ESL students
experience with mathematical language, particularly the use of prepositions (after,
among, following), complex verbs (would have been, will have done), pronouns (he,
she, theirs, hers), ambiguous words (change, set), comparative phrases (more than, less
than, between) and mathematical vocabulary (Shaftel et al. 2006; Solano-Flores and
Trumbull 2003). The lower the grade level, the greater effect these features had on
students’ ability to answer the question posed. In addition, the greater the number of
linguistic features in the text, the more difficult the item became (Martiniello 2008).
The mathematising sequences and corresponding ratings were drawn from the various
learning trajectories existent in the early years (e.g., Clarke et al. 2000; Sarama and
Clements 2009; Warren and Miller 2010) together with the sequence of concepts
presented in the AustralianMathematics Curriculum (ACARA 2013). For the foundation
taxonomy, the content was restricted to the foundation and year 1 content descriptors and
elaborations of the Australian National Curriculum. As the study was longitudinal, four
of the items in the foundation test consisted of a content assigned to year 1. These were
purposely created to allow for ‘linking’ between the foundation and year 1 tests.
The hypothesised taxonomy for representations (graphics) used draws on the re-
search of Lowrie and Diezmann (2007) conducted with 172 Grade 4 and Grade 5
students. They suggest that graphics can be separated into six distinct categories,
namely axis languages (horizontal and vertical axes, number lines); opposed position
languages (bar charts and line charts); map languages (road maps, topographic maps);
connection languages (tree diagrams, networks); retinal list languages (graphics featur-
ing colour, shape, size, texture, orientation); and miscellaneous languages (pie charts,
Venn diagrams) (Cleveland and McGill 1984; MacKinlay 1999). Although Lowrie and
Diezmann (2007) found some gender and grade differences with regard to the ease
students experienced interpreting these diagrams, overall, it appears that the only areas
of difference were between miscellaneous language and map language and between
opposed position language and connection language. The diagrams which all students
experienced most difficulty were those that utilised retinal list languages. The order of
difficulty for the two grades were the following: miscellaneous, map, axis, connection,
opposed position and retinal list; and map, miscellaneous, axis, opposed position,
connection and retinal list, respectively. Thus, for the purpose of this current research,
the following taxonomy was adopted: miscellaneous or map (score of 1), axis (score of
2), connection or opposed position (score of 3) and retinal list (score of 4). Table 3
802 J. Miller, E. Warren
T
ab
le
3
H
yp
ot
he
si
se
d
ta
xo
no
m
y
of
te
st
ite
m
qu
es
tio
ns
fo
r
fo
un
da
tio
n
m
at
he
m
at
ic
s
R
at
in
g
C
om
m
un
ic
at
io
n
M
at
he
m
at
is
in
g
R
ep
re
se
nt
at
io
n
N
um
be
r
an
d
al
ge
br
a
M
ea
su
re
m
en
t
an
d
ge
om
et
ry
St
at
is
tic
an
d
pr
ob
ab
ili
ty
N
um
be
r
an
d
pl
ac
e
va
lu
e
Pa
tte
rn
s
an
d
al
ge
br
a
U
si
ng
un
its
in
m
ea
su
re
m
en
t
Sh
ap
e
D
at
a
re
pr
es
en
ta
tio
n
1
O
ne
lin
gu
is
tic
fe
at
ur
e–
m
at
hs
vo
ca
b,
pr
ep
os
iti
on
,
co
m
pl
ex
ve
rb
,
pr
on
ou
n,
co
m
pa
ra
tiv
e
ph
ra
se
s,
am
bi
gu
ou
s
C
ou
nt
in
g,
or
de
ri
ng
an
d
co
m
pa
ri
ng
C
on
tin
ui
ng
an
d
co
m
pl
et
in
g
a
re
pe
at
in
g
pa
tte
rn
C
om
pa
ri
ng
an
d
or
de
ri
ng
le
ng
th
,
m
as
s,
et
c.
Id
en
tif
yi
ng
ev
er
yd
ay
pr
op
er
tie
s
of
2D
an
d
3D
sh
ap
es
R
ep
re
se
nt
in
g
da
ta
w
ith
ob
je
ct
s
(u
p
to
th
re
e
ca
te
go
ri
es
)
M
is
ce
lla
ne
ou
s
m
ap
2
Tw
o
lin
gu
is
tic
fe
at
ur
es
Si
m
pl
e
ad
di
tio
n
an
d
su
bt
ra
ct
io
n
pr
ob
le
m
s
C
re
at
in
g
a
re
pe
at
in
g
pa
tte
rn
U
si
ng
no
n-
st
an
da
rd
un
its
to
m
ea
su
re
le
ng
th
s
et
c.
N
am
in
g
2D
an
d
3D
sh
ap
es
R
ep
re
se
nt
in
g
da
ta
w
ith
dr
aw
in
gs
(u
p
to
th
re
e
ca
te
go
ri
es
)
A
xi
s
3
T
hr
ee
lin
gu
is
tic
fe
at
ur
es
M
is
si
ng
ad
de
nd
ad
di
tio
n
an
d
su
bt
ra
ct
io
n
pr
ob
le
m
s
Id
en
tif
yi
ng
th
e
re
pe
at
in
g
co
m
po
ne
nt
Q
ua
nt
if
yi
ng
th
e
m
ea
su
re
m
en
t
us
in
g
no
n-
st
an
da
rd
un
its
Id
en
tif
yi
ng
m
at
he
m
at
ic
al
pr
op
er
tie
s
of
3D
sh
ap
es
R
ep
re
se
nt
in
g
da
ta
w
ith
dr
aw
in
g
(m
or
e
th
an
th
re
e
ca
te
go
ri
es
)
O
pp
os
ed
po
si
tio
n,
co
nn
ec
tio
n
4
T
hr
ee
or
m
or
e
lin
gu
is
tic
fe
at
ur
es
C
om
pa
ri
so
n
pr
ob
le
m
s
U
si
ng
da
ta
di
sp
la
ys
to
an
sw
er
qu
es
tio
ns
R
et
in
al
lis
t
Exploring ESL students’ understanding of mathematics in the early years 803
presents a summary of each dimension of the taxonomy together with its corresponding
rating.
Each test item was allocated three scores (ranging from 1–4) according to commu-
nication, mathematising, and representations. To determine the validity, two research
members conducted member checks by independently scoring the items and comparing
the results. After each item was allocated the three scores, these scores were then added
together for a final test item rating. The ratings for the foundation test ranged from 3 to
9. Depending on the new rating, test items were then placed into three levels accord-
ingly: (a) Level 1 (items scoring 3–5), Level 2 (items scoring 6–7) and Level 3 (items
scoring 8–9). The average rating for each dimension for items assigned to each level
was also ascertained. These were as follows:
Level 1 communication (2) mathematising (1) representation (1)
Level 2 communication (3.7) mathematising (2) representation (1.1)
Level 3 communication (3) mathematising (3) representation (2)
Level 2 scored highest on communication (3.7) and the level that scored highest on
mathematics and representations. Figure 4 provides examples of test questions for each
level.
Foundation students’ results: clustered test items
Each foundation student was allocated three new test mean scores, one for each level of
items. For example, for level 3 (questions 15, 17, 18, 20, 24) students’ subtotals were
calculated for the five questions. To find the mean score, the subtotal was divided by 5.
This process was repeated for levels 1 and 2. Paired t tests were conducted for each
student cohort (ESL and mainstream) to ascertain the significance of the differences
between the pre- and post-test mean scores for each level of questions. The results of
this analysis are presented in Table 4.
Level 1 – Test Item 22 
Rating: Communication 2
Mathematising 1
Representation 1
Overall Rating 4 
Verbal Instruction: Use one  
sticker to complete the pattern.
Level 2 – Test Item 11
Rating: Communication 3
Mathematising  1
Representation 2
Overall Rating 6
Verbal Instruction: Write all the 
numbers that come between 3 
and 9.  Write them on the line.
Level 3 – Test Item 18
Rating: Communication 4
Mathematising  3
Representation 1
Overall Rating 8
Verbal Instruction: There are 2 
counters hiding under the hand. 
How many counters are there 
altogether? Is it 8, 3 or 5? Circle 
the correct one.
Fig. 4 Examples of test items with category scores
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All students had significant gains in each level. The values of the effect size
indicated that there was a large effect on level 1 and 2 items for both cohorts (>0.50)
(Cohen 1988). Both these levels are also educationally significant according to Hattie
(>0.4) (Hattie 2009). ESL students had the larger effect size in all categories. Level 3
items’ effect size had a moderate effect (>0.06) on mainstream students and a large
effect (>=0.14) for ESL students. Of particular interest is the significant gains ESL
students made on level 2, the level where the communication dimension was at its
highest.
Discussion and conclusion
Gains made by both ESL and mainstream students (foundation–year 2) in RoleM tests
indicate that students were performing at national benchmark in mathematics. Though
it has been reported in the literature that ESL students experience difficulties in national
testing (Shaftel et al. 2006) and therefore perform below national benchmarks, this
study reports the contrary. In an unanticipated result, ESL students outperformed the
mainstream students on all post-tests. We suggest that these shifts in achievement were
derived from the learning experiences developed during RoleM, materials that were
developed in conjunction with these teachers. They delivered a mathematics pro-
gramme that focused on the importance of mathematical language and rich represen-
tations of mathematics concepts (Warren and Miller 2013). But more importantly, this
occurred within multiple semiotic register (Schleppegrell 2007), a rich bundling of
representations in conjunction with the language of mathematics. Many teachers
initially experienced difficulties with this approach (McDonald et al. 2011). They
tended to oversimplify the language and the mathematics. This is not an uncommon
approach. Simplifying basic language and use of text to teach mathematics are the
mechanisms of choice for many teachers in these contexts (Valle et al. 2013; Wong-
Fillmore 1982). But this approach does not equip students to transfer their learning to
other novel contexts, and potentially can obstruct further learning for ESL students
(Valdés 1999).
The ESL students successfully engaged in tests that reflected the structure of
NAPLAN. In fact, their results either matched or were slightly above the PATMath
norm-referenced scale for that level. Unlike Shaftel et al.’s study (2006), it appears that
Table 4 Level test item mean scores for ESL and mainstream students
Level Cohort N Pre-test
Mean (SD)
Post-test
Mean (SD)
t eta2 p
Foundation level 1 Mainstream 60 0.34 (0.23) 0.64 (0.28) 10.29 0.64 0.000*
ESL 132 0.27 (0.23) 0.69 (0.24) 18.5 0.72 0.000*
Foundation level 2 Mainstream 60 0.20 (0.19) 0.42 (0.23) 8.05 0.52 0.000*
ESL 132 0.15 (0.17) 0.42 (0.25) 12.69 0.55 0.000*
Foundation level 3 Mainstream 60 0.23 (0.21) 0.32 (0.28) 2.13 0.07 0.038*
ESL 132 0.18 (0.17) 0.35 (0.24) 7.27 0.29 0.000*
*Significant p<0.005
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the linguistic features of the RoleM tests did not impact on the ESL students’ ability to
perform. Issues for ESL students pertaining to syntactic, sematic and pragmatic features
of mathematics language (Spanos et al. 1988) appeared to be no different to that of the
mainstream students tested. ESL students across all year levels performed to the same
degree, and better, as non-ESL students. In addition, there was no need to simplify the
language used in the test to have a positive impact on the students’ performance, unlike
past studies (e.g., Adebi and Lord 2001). The results also support the claim that the
language of instruction used by teachers in the mathematics classroom also
does not appear to make a quantitative difference within multi-lingual settings
(Valle et al. 2013).
Furthermore, this study provides a hypothesised theoretical taxonomy that gives
insights into test-task difficulties and the particular multi-semiotic approach that needs
to occur in the classroom for success. The hypothesised taxonomy construct developed
for the RoleM foundation test captured mathematical conceptualisation, language and
communication and representations used in the test items. There is clearly a lack of
such a taxonomy that encompasses all of these aspects of numeracy testing.
Mathematic assessment tools often focus on the language usage in a test and the
mathematical concepts covered, but rarely link these to representations or consider all
three elements (e.g., Adebi and Lord 2001). This too, is reflected in assessment tools
that are narrow in mathematical focus (e.g., Okamoto and Case 1996). The taxonomy
developed for this study links all three aspects of mathematics in one tool and therefore
may be used to assist in the creation of test items and analyse test data. Applying the
taxonomy to assessment tools provides insight into how the mathematics is communi-
cated and represented in test items. Additionally, this serves a diagnostic function as a
platform for exploring the difficulties being experienced by students at a more specific
level. Using the taxonomy to assess students’ understanding will provide a more highly
differentiated understanding of the overall difficulties experienced by students.
Therefore, informing a more targeted approach of how to assist students to address
these difficulties. Due to the fact that this is a hypothesised taxonomy, it is acknowl-
edged that further research is required. However, there is definitely scope to expand
such a model to higher year levels of mathematics, and this will be considered for
further analysis of data in the RoleM project.
Providing early years’ teachers with a programme that accesses a multiple semiotic
register has impacted on both ESL and mainstream students’ development of mathe-
matics concepts. By providing such an approach that encompasses both multiple
representations (symbols, visuals, graphs, gestures, written and spoken language) and
specific technical and grammatical features (Janzen 2008), students are engaging
deeper in the mathematics rather than learning basic number concepts. It requires
teachers to make links to all areas of mathematics when engaging in such a perspective.
Teachers must deliver mathematics’ learning of high cognitive demand that is open-
ended so as to cater for the differential that exists in students’ ability (Boaler and
Staples 2008) and provide opportunity for internal and external representations (Goldin
2002; Goldin and Kaput 1996). Additionally, these experiences need to be highly
language-based and focus on representations that can be translated and transformed
to assist students to make connections within and between mathematics concepts. For
such an approach to be successful, teachers need to have a deep understanding of the
mathematics that moves beyond basic number knowledge and provides a learning
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environment that involves the use of a mathematical register in conjunction with a
variety of representation. The results of this study suggest that this approach is essential
in contexts where students identify as having English as a second language. It is
conjectured that the RoleM approach to teaching mathematics (a bundling of represen-
tations with mathematical language) would be transferable to other cultural contexts
and potentially other subjects (e.g., science).
While this study explores how ESL students perform on mathematical tests, it does
not investigate how ESL students communicate mathematically in the classroom
context, a central aspect to learning mathematics (Setati 2008). Past research has
suggested that ESL students have difficulties reasoning and justifying their mathemat-
ical ideas (Adler 1996). Therefore, future investigations into how the RoleM learning
experiences influence ESL students’ participation in classroom discussions as they
reason their mathematical understanding are needed. While the results of this study do
show that these students successfully engaged with questions high in communication
(level 2 questions), how this transfers to the classroom context is unknown.
This study has demonstrated that low performance on national numeracy testing from
ESL students and students from disadvantaged contexts can be overcome with a pro-
gramme that focuses on specific mathematical language with rich representations. The
learning experiences conducted in the RoleM project have impacted immensely on the
students’ understanding of mathematical concepts and contributed greatly to their overall
understandings of the mathematical register. Even in addressing the most complex
questions including comparison language, ESL students improved. Teachers in these
settings delivered the mathematics concepts predominately using hands-on materials and
did not rely heavily on the use of textbooks or over-simplifying of mathematics language
to assist students to achieve an understanding of the mathematics concept. Clearly,
RoleM had a major effect on changing the teaching approach from delivering concepts
to facilitating an understanding in mathematics in these contexts (Warren and Quine
2013). The results suggest that learning experiences for these students must be multi-
representational and have scope to explore the mathematical language in depth. The
researchers suggest that this is a core premise for the significant shifts in performance
from pre- to post-tests for all students involved in the RoleM project.
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